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The DOE’s Bioenergy Technologies Office supports R&D on 
the production of biofuels from a variety of feedstocks.

POET-DSM Project Liberty
Cellulosic ethanol from 

corn stover LanzaTech, PNNL, & Partners
Steel mill flue gas, biomass to jet fuel

PNNL & Partners
Sewage sludge, manure, and algae  

to renewable diesel
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The Feedstock-Conversion Interface Consortium (FCIC) seeks to 
understand and mitigate biomass variability and its effects on 
biorefinery performance.

INL NREL
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Professional Plus 
on AWS Linux

The FCIC has recently begun using LabKey Professional Plus Edition running 
on AWS Linux to integrate experimental data from 8 national laboratories.

LabKey Server is also running within the firewalls of 
PNNL, INL, NREL, ORNL, and LBNL to stage data for 
uploading to the FCIC LabKey Data Hub, or to manage 
other DOE project data.



ORNL ORNL ORNL

Task 1. Materials of Construction

Subtasks

1.1.  Equipment Wear in Preprocessing

1.2. Equipment Wear in Low-Temperature 
Pre-conversion

1.3 Mechanics of Wear

1.4 Materials Mitigation of Deposit-lead 
Feeder Plugging in HT Pre-conversion

Jun Qu, Kyungjun Lee, and Jim Keiser (ORNL) 



ORNL

ORNL
ORNL

Task 2. Feedstock Variability

2.1. Variability, Transport and Synergistic 
Impacts of Inorganic Species 

2.2  Quantify and Understand Variability of 
Molecular-scale Organic Attributes

2.3  Feedstock Variability at the Micro-scale
2.4  Feedstock Variability at the Macro-scale
2.5: Data Analytics for Identifying CMAs* of 

Feedstocks
*Critical Material Attributes within the Quality 

by Design framework.

Amber Hoover (INL) and Erin Webb (ORNL) 
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The FCIC LabKey Data Hub uses INL’s Bioenergy Feedstock Library (BFL) as 
a biomass specimen archive.
• BFL is a custom app on MS SQL Server
• Currently hyperlinking via GUIDs
• Plans call for automated sample registration



ORNL

ORNL
ORNL

Task 3. Materials Handling

3.1  Continuum Modeling for Feedstock-
Handling

3.2 CFD modeling for reliable operation of 
screw  feeders

3.3 Discrete Element Models for Fundamental 
Particle Flow Physics & Upscaling

3.4: Particle friction and cohesion 
measurement

3.5: Bulk Flow Characterization

Jordan Klinger (INL) and Troy Semelsberger (LANL) 



ORNL

ORNL
ORNL

Task 5. Preprocessing

5.1 Quality by Design for Low-Temperature 
Preprocessing Unit Operations

5.2 Quality by Design for High-Temperature 
Preprocessing Unit Operations

5.3 Preprocessed Feedstock Bulk Transport Phenomena 
Modeling

5.5 Machine Vision for Feedstock Quality Identification

Vicki Thompson and Neal Yancey (INL) 



ORNL

ORNL
ORNL

Task 6. High-Temperature Conversion (Pyrolysis)

6.1 Biomass Thermal Transformations During High-
Temperature Feeding

6.2: Impacts of Forest Residue Variability on Critical 
Pyrolysis Product Attributes

6.3 Mesoscale Simulation of High-Temperature 
Conversion

6.4 High-Temperature Reactor Scale Modeling

Danny Carpenter (NREL) and Mike Thorson (PNNL) 



ORNL

ORNL
ORNL

Task 7. Low-Temperature Conversion (Bioconversion)

7.1 Real-Time Monitoring of Deacetylation

7.2 - Impacts of Feedstock Variability on 
Biological Sugar Conversion

7.3 - Impacts of Feedstock Variability on 
Biological Lignin Conversion

7.4 - Modeling Impacts of Feedstock Variability 
on Low-Temperature Pathways

7.5 - DMR Materials Preparation

7.6 – Chemical Lignin Conversion

7.7 - Deacetylation Kinetic Model 
Development

A.

B.

C.

Jeff Linger (NREL) and Deepti Tanjore (LBL) 



Considerations in using LabKey for multi-center, time-series process and sample data 
for industrial biomanufacturing R&D 
• How best to define Subject/Participant across LK Studies at multiple scales?
• Aligning start datetimes of process data to place all unit operations and samples on same elapsed 

time basis
• Windowing functions – e.g., over(), PARTITION BY – not in LabKey SQL; must use R for timestamp 

matching
• What’s the interest in clinical time series data in LK community?  ICU, surgery data?
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Clinical parallels - Biomass deconstruction is kind of like mammalian digestion



13Bench to Pilot Scale Bioreactors 

Raman spectroscopy (RS)

Near-infrared spectroscopy (NIRS)

Chemometric Data Integration

At PNNL, we are using LabKey to integrate Process Analytical Technology 
(PAT) data with sample and event data.

Dielectric spectroscopy (DS)



A new low-cost, high-resolution Raman spectroscopy analyzer is being adapted for 
predicting bioreactor broth components (i.e., glucose) in real time.

Fed-batch control of the production of citric acid from corn stover hydrolysate by the 
oleaginous yeast Yarrowia lipolytica was recently achieved using this approach.



Database
BallProbe 
Raman 
flow cell

AIO Raman 
Analyzer

Raman spectrum 
read every 1-5 

minutes

data 
file

process 
sensor data 

(pH, DO, 
temp, etc.)

Flownamics 
autosample

every 30 
minutes to 6 

hours

sample 
assay data 
(substrates, 
metabolites)

HPLC

Raman
signal

in situ 0.2 
µm filter 

probe

0.2 µm-
filtered 
sample

peristaltic 
pump

bioreactor

Bioreactor broth is recirculated through a Raman flow cell.

MarqMetrix is a spinout 
company from the UW-Seattle 
Applied Physics Laboratory.



1939 wavenumbers 
& Intensities

In a recent bioreactor  run, the Raman analyzer generated a 
text file every 3 minutes = 480 files/day, 3360/week

Python script had to be 
used for parsing Raman 
data and writing into a 
Assay during uploading

Loading HPLC data into LabKey Assay 
no problem even if samples taken 
every 30 minutes – single 
spreadsheet, easy to handle 



Each transformed spectral read is loaded into a LabKey Assay with 1939 intensities stored in 
a multiline text field.  Wavenumbers rarely change, so they are stored separately in a List.



HPLC data and transformed Raman data are copied into 
Datasets within a LabKey Study.  

An R report is used to join the Datasets on timestamp and to 
generate a file for training a chemometric model.

Chemometric data input file showing one of the 
Raman spectra it contains
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The R output file containing Raman spectra joined with HPLC data on timestamp is 
loaded into Pirouette chemometric software from Infometrix (Bothell, WA).

Partial Lest Squares (PLS) multiple regression models are then created to predict 
concentrations of culture broth components in real time during bioreactor operations.
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The Raman PLS model 
is integrated with a PID 
algorithm for fed-batch 
control of a hydrolysate 
feed pump. 

In our initial test, the 
system automatically 
fed hydrolysate to the 
bioreactor to maintain 
glucose levels between 
0.5 and 3 g/L for 72 
hours (green line in 
chart).
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Vision for expanding chemometric data integration within LabKey



Ultimate Goal: Spectroscopy integration within a 
chemostat control system for directed evolution

A Sixfors multi-vessel bioreactor array is being retrofitted with an HC900 programmable 

logic controller to create a “fitness landscape explorer” for automatically improving 

growth rate and productivity of industrial microbes across multiple ranges of culture 

conditions and feedstock compositions.
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Examples of 
technical 
support that we 
have received 
from LabKey
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Copy-To-Study now provides option to show time as well 
as date – important for time series data (Thanks, LabKey!)
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FCIC Task 4 Data Integration: Rachel Emerson (INL), Shaun 
O’Leary (PNNL), Bruce Wilson (ORNL), Robert Kinoshita (INL), Alan 
Chappell (PNNL), Lorenzo Vega-Montoto (INL), David Sievers (NREL), 
Stan Martin (ORNL), Matt MacDuff (PNNL), Oslo Jacobsen (LBNL)

PNNL Bioprocess Development: Isaiah Lemmon, Todd Hart, Beth 
Hofstad, Kyle Pomraning, Marie Swita
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